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SOLIDS MASS SPECTROMETER 

During the first quarter of the contract per iod ,  the ion source 

p.~  6 

vacuum system were rebui l t  with the general aim to reduce the background of 

the system. 
u 

During the past quarter of the contract period, the operational 

performance of the new system was tested, the background was re-checked and 

further corrective measures were taken. - 



I. OPERATIONAL PERFORMANCE 

The f i r s t  s t e p  was the  adjustment of t h e  primary beam. The two ad jus t ab le  

e l ec t rodes  of t he  e l e c t r o s t a t i c  e inzel  l e n s  were adjus ted  i n  such a way that  

the  sharpes t  image spo t  is  obtained when t h e  cen te r  e l ec t rode  is  on the  same 

p o t e n t i a l  as the  duoplasmatron anode, Thus, no e l e c t r i c a l  feed-through is 

requi red  and the cen te r  e l ec t rode  i s  connected i n t e r n a l l y  t o  t h e  duoplasmatron 

anode. With an acce le ra t ion  voltage of 10 kv, t he  diameter of t he  spot  on the  

t a r g e t  is 0.3 rcm. which is t he  theo re t i ca l  optimum, the  diameter of t he  ion  

exi t  ho le  i n  the duoplasmatron anode being 0.25 m and the imaging r a t i o  

being 1:1.2. 

Figures  1 t o  4 show seve ra l  samples a f t e r  prolonged bombardment wi th  a 

10 kv, 50 pA beam of argon ions. 

of 30 degrees aga ins t  t he  surface.  

f o r  24 hours which r e su l t ed  i n  a hole approximately 0.5 omn deep with a tapered 

bottom. The cadmium sample was bombarded f o r  about 1% hours and the  r e s u l t i n g  

hole ,  being c l o s e r  to the  edge of the sample, goes r i g h t  through. The tantalum 

and copper samples were bombarded in t e rmi t t en t ly  a t  d i f f e r e n t  spots  f o r  

d i f f e r e n t  per iods of t i m e ,  t he  copper sample f o r  a t o t a l  of about one hour i ,  

t he  tantalum sample f o r  a t o t a l  of several  hours. 

The beam s t r u c k  the  samples a t  an angle  

The s i l v e r  sample was bombarded continuously 

The samples were not cooled during these runs,  bu t  even wi th  the  low 

melt ing cadmium (321OC) no melt ing could have occurred, s ince  the  edges and 

walls of t he  hole  had a sharp  and c rye ta l ine  appearance, d i f f e r e n t  from t h a t  

of metal s o l i d i f i e d  from the  l i q u i d  state. This i s  a l s o  i l l u s t r a t e d  by the 

furrows v i s i b l e  on the  sput te red  copper surface.  

tantalum has a much lower t o t a l  sput te r ing  y i e l d  than the  o the r  metals. 

As was t o  be expected, t he  
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The spo t  on the  t a r g e t  can be moved from the  a x i s  i n  e i t h e r  d i r e c t i o n  by 

about 1 nrm by means of the  two pa i r s  of mutually perpendicular  d e f l e c t i o n  p l a t e s  

which the  primary beam passes a f t e r  the e i n z e l  lens .  

t o  l i n e  up the  spot  with the  a x i s  of the  secondary ion  o p t i c s ,  which is done 

i n  p r a c t i c e  by ad jus t ing  f o r  h ighes t  output  on the  mass analyser .  

can be moved during operat ion perpendicular t o  i t s  sur face ,  which allows t o  

compensate f o r  d i f f e r e n t  thickness  of d i f f e r e n t  samples, and i n  two mutually 

perpendicular  d i r e c t i o n s  p a r a l l e l  to  i t s  sur face ,  which f a c i l i t a t e s  exposing 

d i f f e r e n t  areas of the  sur face  t o  the primary beam. 

This  adjustment is used 

The t a r g e t  

The 6-inch mercury d i f f u s i o n  pump with the  l i q u i d  n i t rogen  cooled b a f f l e  

keeps the  pressure i n  the  ion  source housing around loo6 t o r r .  

p ressure  of t he  system wi th  closed gas i n l e t  valve i s  8 x t o r r .  

The base 

The beam i n t e n s i t y  can be varied between 30 PA and 120 PA by v a r i a t i o n  

of the  arc supply vol tage.  The secondary ion  i n t e n s i t y  follows the  v a r i a t i o n  

of the  primary beam i n t e n s i t y  i n  an e s s e n t i a l l y  l i n e a r  manner, as can be seen 

on Figure 5 .  

might be  formed by ion iza t ion  of sput tered n e u t r a l s  by the  primary beam, which 

would ca l l  f o r  a square l a w  dependence of the  secondary ion  i n t e n s i t y  from 

the primary beam in t ens i ty .  

way, which could be t h e  resu l t  of beam spreading wi th  higher  i n t ens i ty .  

This i s  i n  c o n t r a s t  t o  a hypothesis t h a t  the  secondary ions 

The curve is a c t u a l l y  s l i g h t l y  bent  the  opposi te  

3 



11. BACKGROUND 

It had been an t i c ipa t ed  t h a t  the replacement of the o i l  d i f f u s i o n  pumps 

by sput te r - ion  pumps could c rea t e  a problem i n  t h a t  charged p a r t i c l e s  and 

u l t r a v i o l e t  l i g h t  could escape from the Penning discharge taking p lace  i n  the  

pumps and introduce noise  i n  the  mul t ip l ie r .  Care had been taken, t he re fo re ,  

t o  connect t hese  pumps a t  an angle  with the  analyser  housing so that the re  

was no direct o p t i c a l  path between the pumping p o r t s  and the  m u l t i p l i e r  

input.  

introduce noise  i n  the  mul t ip l i e r .  

mounted c lose  to  the  mul t ip l i e r ,  bu t  even with the  pump mounted on t he  

oppos i te  end of the  analyser  i n  which case p a r t i c l e s  or photons have t o  

c o l l i d e  many times wi th  the  walls of the apparatus in order t o  g e t  bo the  

mul t ip l i e r .  

f i e l d  (up t o  12,000 gauss) which is located between the sputter-ionppump and 

the  m u l t i p l i e r .  

Nevertheless,  it turned out  t h a t  t he  opera t ion  of t hese  pumps d id  

This happened not only wi th  t h e  pump 

This background s i g n a l  was not a f f ec t ed  by t h e  magnetic ana lyser  

Also, i n s t a l l a t i o n  of an op t i ca l  b a f f l e  i n  the  pump connection brought no 

improvement. 

t h a t  it i s  caused by l i g h t  emitted from decaying metastables ,  which a r e  formed 

in the  discharge and d i f f u s e  about in  t h e  analyser .  

t h e  pumps are now shu t  o f f  during runs and a so rp t ion  pump is being i n s t a l l e d  

t o  keep t h e  pressure a t  a s u f f i c i e n t l y  low pressure  during the runs. 

The na ture  of t h a t  noise is s t i l l  not c lear .  One suggest ion is __- 

Whatever the  cause is ,  

The major e f f o r t  during t h i s  period of t he  cont rac t  was d i r ec t ed  t o  produce 

The 
- 

a primary beam of argon ions which is e s s e n t i a l l y  f r e e  of any contaminants. 

importance of t h i s  t a s k  f o r  any t race ana lys i s  comes from the  f a c t  t h a t  some 
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of the  contaminants of the  primary beam are continuously deposited on t he  t a r g e t  

and sputtered togehter  with the  target  material. Since, those contaminant 

elements have t o  be excluded from the t r a c e  ana lys i s ,  it is  of prime importance 

t o  have the  primary beam as pure as possible.  

The composition of the primary beam was inves t iga ted  by the  following 

method: After adjustment of a l l  t he  cont ro ls  f o r  maximum output  of t h e  main 

t a r g e t  peak, the  mass analyser  is tuned t o  the  mass 40-peak of argon. Then 

the  primary beam acce lera t ing  voltage i s  reduced u n t i l  the  output  shows a 

sharp maximum. This happens, when t h e  primary beam vol tage equals the  t a r g e t  

vol tage,  because then the  f i e l d  i n  f ront  of t he  t a r g e t  a c t s  as an “ion mirror”  

and r e f l e c t s  the  ions. 

secondary ion o p t i c s  and analysed i n  the mass spectroaeter .  

A good f rac t ion  of them are acce lera ted  by the  

The argon passes through a l iqu id  n i t rogen  cooled t r a p  before  i t  enters 

t h e  duoplasmatron. 

showed many background peaks (Figure 6 ) ,  mainly hydrocarbons. A c l o s e  

inspec t ion  of t he  duoplasmatron a f t e r  a prolonged period of operat ion revealed 

t h e  following s i t u a t i o n :  

sealed aga ins t  the  arc chamber by two Vlton “0’’ r ings  which were compressed 

between a smooth metallic and a,palf8shed ceramic surface (See Figure 1 of GCA 

Technical Report 63-7-6). Even though these seals are vacuum t i g h t  as t e s t ed  

wi th  a helium l eak  de tec to r ,  they did not prevent the tran6former o i l ,  used 

as coolant ,  from creeping through into the  a r c  chamber. 

t h i s  S i tua t ion  was t h e  replacement of the o i l  cooled duoplasmatron by an  air  

cooled vers ion of otherwise very s imilar  construct ion.  

r e s u l t  of t h i s  improvement: t he  hydrocarbon background is g r e a t l y  reduced, and 

above mass 65 completely eliminated. 

The primary beam de l ivered  by the  oil-codled duoplasmatron 

The c i r cu la r  channel which c a r r i e d  the  coolant  was 

A r a d i c a l  remedy f o r  

Figure 7 shows the  

5 



The next sunpeet responsible  for  the  remaining impur i t ies  i n  the  primary 

beam was the fi lament.  The f i lamengused up t o  then were f ab r i ca t ed  out  of 

platinum mesh (.004 inch wire) which was c u t  i n t o  %-inch by 2-inch s t r i p s ,  

r o l l e d  up, soaked i n  chemical R-500, a suspension of barium carbonate  i n  

n-butyl a c e t a t e  and n-butyl a lcohol ,  d r ied  and then ac t iva t ed  by hea t ing  i n  

vacuum, which reduces the  barium carbonate t o  oxide and i s  a l s o  supposed t o  

dr ive  out  the  binder.  It was suspected t h a t  t h i s  type of f i lament  continued 

t o  release hydrocarbons a f t e r  ac t iva t ion ,  and also t h a t  t h e  barium contained 

impur i t ies ,  auch a s  sodium and potassium which show up i n  the  spectrum. 

Subsequently, t h i s  f i lament  w a s  replaced by a tungsten wire containing 

2% thbrium. Furthermore, i n  order  t o  e l imina te  the  s t rong  i r o n  and copper 

peaks, the  b a f f l e  e l ec t rode  was l ined with a thin-wall  tantalum i n s e t ,  and 

the  anode was modified, so t h a t  a l l  the walls i n  con tac t  with o r  c l o s e  t o  the  

arc are now out  of tantalum. 

are completely eliminated. 

t r a t i o n  of 40 p.p.mb, and the  sodium and i r o n  peaks i n  a concent ra t ion  of 

20 p.p.m. as compared with the  argon peak. With a f r e s h  f i lament ,  a l s o  the  

tungsten peaks appear in about the  same concentrat ion as the  tantalum peak. 

Figure 8 shows the r e s u l t :  The hydrocarbon peaks 

That i s  l e f t  a r e  the  tantalum peak i n  a concen- 

The only disadvantage of the  tungsten f i lament  is t h a t  i t  has t o  be 

operated a t  higher  temperatures to  give enough emission r e s u l t i n g  i n  a 

s h o r t e r  l i f e  ( a few weeks of in te rmi t ten t  operat ion)  as compared t o  the  

previously used f i lament  which lasted f o r  months. 

Worth mentioning is t h a t  the  water peak is extremely small. This i nd ica t e s  

t h a t  t h e  con t r ibu t ion  of r e s idua l  atmospheric gases  t o  the  background i s  a l s o  

neg l ig ib ly  small. + The v f r t u a l  absence of a peak a t  mass 15 (CH3 ), which is  

6 



a s t rong  peak i n  any hydrocarbon spectrum, ind ica t e s  the  absence of a con- 

s iderab le  hydrocarbon background. 

The last problem s t i l l  t o  be solved, as f a r  as background is concerned, 

is t he  suppression of sca t t e red  ions,  no t iceable  e spec ia l ly  as rand- noise 

in t he  h&&her mass range. 

wi th  small aper tures  along the  beam path i n  the  analyser  w i l l  l i m i t  t he  beam 

width, e l imina te  most of the  sca t te red  ions, and cure t h i s  problem. 

It is expected t h a t  t he  i n s t a l l a t i o n  of diaphragms 

7 



111. SPECTRA OF SOLID SAP'IPLES 

Afte r  the  primary beam was e s s e n t i a l l y  f r e e  of contaminants, secondary 

ion  s p e c t r a  were taken of spectrographical ly  pure samples and of c e r t i f i e d  

s tandards obtained f ron  NBS. 

from some of those samples, 

hour of continuous bombardment, so t ha t  sur face  l aye r s  were c e r t a i n l y  removed. 

For the  si lver,  copper and cadmium samples, t he  impur i t ies  were est imated t o  

be i n  the  order  of p.p.m. according to  the  spectroscopic  ana lys i s  (See a t tached  

ana lys i s  r epor t s ) ,  For the  i r o n  sample (NBS Standard #465)  the  c e r t i f i e d  

concentrat ions are l i s t e d  i n  Table 1 together  with the  observed r e l a t i v e  peak 

he igh t s  , 

Figures 9 t o  12 show t y p i c a l  s p e c t r a  obtained 

The spectra  were taken a f t e r  a t  least one-half 

Those peaks which are much stronger i n  the  i r o n  a l l o y  #465 than i n  the  

supposedly pure samples can be  cor re la ted  unambiguously t o  the  a c t u a l  concen- 

t r a t i o n s .  

which should e i t h e r  no t  be  present  there  a t  a l l  o r  a t  least be  much smaller. 

The s t r i k i n g  f a c t  is t h a t  the  in t ens i ty  of these  peaks v a r i e s  considerably 

wi th in  these  four  samples which makes i t  very un l ike ly  t h a t  they are caused 

by instrumental  background. 

peaks are obtained from pure s i l v e r  and cadmium samples, whereas a pure copper 

aample shows almost no t i tanium peaks a t  a l l .  On the  o the r  hand, some of t he  

peaks which are obtained from the  pure samples, f o r  instance,  sodium, magnesium, 

s i l i c o n  and potassium, are very weak o r  do not  appear  a t  a l l  i n  t h e  i r o n  a l loy .  

HOWBITBr, aomparison with the "pure" elements shows many peaks 

I n  the  case of t i tanium, f o r  example, considerable  

One has t o  conclude, therefore ,  t h a t  most of the  observed contaminants 

are r e a l l y  i n  the  samples and not caused by a general  instrumental  background. 

The abnormal l a r g e  contaminant peaks of the  "pure" simples w i l l  r e q u i r e  a more 
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d e t a i l e d  inves t iga t ion .  

t o  some doubts because t h e  contaminants are a t  the  very l i m i t  of de tec t ion .  

However, it seems un l ike ly  t h a t  r e l a t i v e l y  l a r g e  amounts of Si, T i  and Cr i n  

the  Ag sample could have escaped detection. 

ana lys i s  of these  samples w i l l  be necessary. 

t o  be explored i n  more detai l ,  is that t he  s e n s i t i v i t y  f o r  one p a r t i c u l a r  

contaminant may depend on the  nature of the main cons t i tuent .  

ments in t h i s  d i r e c t i o n  have been ra ther  l imi ted  s ince  only a few samples of 

known composition have been available.  

samples with known amounts of a r t i f i c a l l y  introduced impuri t ies .  

e f fec t" ,  w e l l  known f o r  mass spectroscopic gas ana lys i s ,  does not have g r e a t  

importance mor s o l i d  samples. Although, t he  copper sample has been analysed 

before  the  s i l v e r  sample the  copper peak i s  of medium size only and is a t  

least p a r t i a l l y  caused by 1 p.p.m. contamination of thlr s i l v e r  sample. 

a quan t i t a t ive  inves t iga t ion  of t he  memory e f f e c t  w i l l  be  necessary. 

The r e s u l t s  of the o p t i c a l  spectroscopy are sub jec t  

A d i f f e r e n t  and independent 

Another p o s s i b i l i t y ,  which has 

So f a r ,  exper i -  

It w i l l  be necessary t o  produce 

The 'baemory 

However, 

The determination of the  detect ion l i m i t  for d i f f e r e n t  impur i t ies  is 

se r ious ly  hampered by the  f a c t  t h a t  no r e a l l y  pure samples are ava i lab le .  The 

instrumental  background cannot be observed d i r e c t l y ;  it has t o  be ext rapola ted  

from many samples with d i f f e r e n t  amounts of impuri t ies ,  accura te ly  known by 

o the r  means. 

by neglect ing any s p e c i f i c  instrumental background and assuming t h a t  t h e  

l i m i t a t i o n  f o r  t he  de tec t ion  of any small peaks i s  the random noise  of the  

instrument. 

A rough estimate of the achieved s e n s i t i v i t y  can be obtained 

Below the  mass number of the  main peak the  random noise  I s  of the  order  

of p.p.m. of the  main peak. A contaminant which has a peak height  of 10 p.p.m. 

can be e a s i l y  detected i n  t h i s  region. The corresponding atomic concentrat ions 
9 



are l i s t e d  i n  the  last column i n  Table 1. One sees t h a t  the average de tec t ion  

l i m i t  is i n  the  p.p.m. range. 

t he  !'pure" samples are real and the  claimed de tec t ion  l i m i t  of l e s s  than 

1 p.p.m. f o r  the  o p t i c a l  spectroscopic method i s  co r rec t ,  then the  de t ec t ion  

l i m i t  of  t he  s p u t t e r  source should be considerably lower. 

tests w i l l  be required before such a general  statement can be made. 

I f  on the  o ther  s i d e  the  impur i t ies  found i n  

However, many more 
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Table 1. Relative peak he ights  of impurity peaks from d i f f e r e n t  samples given 
in p.p.m. of the main peak. 

Actual Minimum 
CU Cd Fe #465 Concentrat ions Me asu r  ab le Ag 

ir i  Fe 8465 p.p.m. Concentrat  ions 
i n  p.p.m. 

H+ 50 X O O  1350 

C' 340 7 500 

O+ 160 120 350 

B' 70 - - 
N+ 190 - - 

Na' 1200 120 200 

Mg+ 410 40 50 
A1' 820 40 350 
Si' 2000 370 200 
P+ 20 ,* * - 
s+ 20 * - 
K' 200 40 * 

V+ 180 < 10 9 

Cl' 160 50 300 

Ti+ 1500 < 10 250 

Cr+  500 110 300 
Mn 9 70 * + 
Fe+ 1200 100 * 
N i +  - - * 

Ba + 180 .. - CU+ 180 1,000,000 400 

70 70 450 + T a  

3200 
10 

500 

200 
2800 
100 
- 

220,000 
* 
80 
100 
200 - 

160,000 
700 
200 

1800 

1,000,000 
400 

200 

5 

1720 

(200) 
(105) 

4100 

144 

(180) 

2330 
22 
43 
3 25 

1qooo , 000 
25 0 
167 

5 

3 

10 
.6 

.3 

18 
18 

.15 
.3 
2 
2 

6 
8 

- __ ~~ ~ ~ ~ * 
i n t e r f e rence  with mult iple  charged ions of t he  main cons t i tuent .  
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JOHNSON, MATTHEY ' CO., LIMITED 
.. ? .  

73/83, HATTON GARDEN, LL. ON, E.C.I. 
- _  T E L E P H O N E :  H O L B O R N  6 9 8 V  

O N  

MATTHEY SPECTROGRAPHICALLY STANDARDISED 

I 
i .- ..................................- ..- " ...... &. _ ............................................................................. ~ ..... 

I .. \ .  . ,  , 

\ \  

\ 
24757 

- _. 
\ CATALOGUE No ................................... ................................... LABORATORY N o  

GEPEFUL In any reference to this material both the above numbers should be quoted. 

This  ma te r i a l  i s  supplied i n  the form of rod 7 mm. diameter and 10 cm. 
long and i s  of a high degree of pur i ty .  

SPECTROGRAPHIC EXAT.iINATIOIJ 

A spec tmgraphic  examination was made by means of a cons t an t  cu r ren t  
D.C. arc,  taking 5.6 amps., between pure g raph i t e  e l ec t rodes .  
q u a n t i t i e s  of t he  sample were arced i n  thin-walled anode cups against a 
hor i zon ta l  machined e l ec t rode  as the cathode, both e l ec t rodes  being water- 
cooled. 

JiTeighed 

The s p e c t r a  mere photographed on a n  I l f o r d  Long Range Spectrum p l a t e  
with a f l a t - f i e l d  X i d i m  Spectrograph. 

Est imates  of t h e  q u a n t i t i e s  of impur i t i e s  present  were made by visual 
comparison of the s p e c t r a  ni-thythose of s y n t h e t i c  s tandards,  arced i n  a 
manner similar t o  that used i n  the  t e s t .  

I Element 

Bismuth 
, Cadmium 

- Gstimate of quan t i ty  P r e a  
p a r t s  per m i l l i o n  

Copper 
I r o n  each element l ess  than 1 
Magne s iwn 
Sodium 

I 1  

I The fol lowing elements were s p e c i f i c a l l y  sought but not de t ec t ed ,  i .e., 
e i t h e r  they are not  present  o r  they are below the l i m i t s  of d e t e c t i o n  by the  
descr ibed examination procedure. 

' A l ,  As, Au, B, Ba, Be, Ca, Co, C r ,  C s ,  Ga, G e ,  iIf, Hg, I n ,  Ir, K, L i ,  a n ,  Mo, 
Nb, N i ,  Os, P, Pb, Pd, P t ,  Rb, Re, Rh, Ru, Sb, Se, S i ,  Sn, S r ,  Ta ,  Te, T i ,  T I ,  
V, G, Zn, Z r .  

During f a b r i c a t i o n  some surface contamination is unavoidable and f o r  t h i s  
reason  a l l  samples used during t h i s  spectrographic a n a l y s i s  have been pickled i n  
concentrated n i t r i c  ac id  before examination. 

October , 1961 . JOHI'JSOlT, MATPH3Y B CO., LIMITED 
. Chemical Div is ion  

. i .  
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MATTHEY SPECTROGRAPHICALLY STANDARDISED 
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COPPER RODS 

34325 
LA BO RAT0 RY No .................................... 

J .M. 30 
CATALOGUE No ................................... 

In any reference to this material both the above numbers should be quoted. GENIWiL 

These r o d s  5 mn. i n  diameter and 15 cm. long, mere prepared from 
s p e c i a l l y  r e f i n e d  copper and are of a h igh  degree of pu r i ty .  

SPECTROGRAPHIC EXAMII?ATIOl\T 

k spectrographic  exanination was made by cleans of a constant  current 
D.C. arc,  t ak ing  5.6 amps., between pure g r a p h i t e  e l ec t rodes .  Weighed ,. 
q u a n t i t i e s  of t h e  sample ware arced i n  thin-walled anode cups a g a i n s t  a 
hor i zon ta l  machined e l ec t rode  as the ctithode, both e l e c t r o d e s  being water- 
cooled . 

The s p e c t r a  were photographed on a n  I l f o r d  Long Range Spectrum p l a t e  
wi th  a f l a t f i e l d  bkdiun Spectrograph. 

Estimates of t h e  q u a n t i t i e s  of impur i t i e s  present mere made by 
v i s u a l  comparison of the  spec t r a  with those of s y n t h e t i c  s tandards,  aroed 
i n  a manner similar t o  that used i n  the t e s t .  . .  

Es t i n a t e  of Quant i ty  Present  
Element p a r t s  pe r  m i l l i o n  

I r o n  
Le ad 
Nickel 
S i l v e r  
Cadmium 
Magnesium 
Manganese 
S i l i c o n  ) 

each element l e s s  t han  1 

CHEMICAL ANALYSIS: 
by chemical a n a l y s i s  using a 150 gm. sample. The l i m i t  of d e t e c t i o n  of 
selenium and tellurium i s  O.OOO~$. 

Selenium and te l lur ium were no t  detected i n  the copper 

OXYGEN: A f t e r  hea t ing  f o r  half  an hour a t  8OO0C i n  hydrogen a metallographic 
examination f a i l e d  t o  show any signs of t he  presence of oxygen i n  the sauple.  

The following elements ware s p e c i f i c a l l y  sought bu t  no t  de t ec t ed ,  
i .e. ,  e i t h e r  they are not  present  o r  they are belDw the l i m i t s  of d e t e c t i o n  
by the described exaniination procedure. 

During f a b r i c a t i o n  some surface contaninat ion i s  unsvoidable and f o r  
t h i s  reason  all samples used during t h i s  spectrographic  s n a l y s i s  have bean 
p ick led  i n  n i t r i c  ac id  before examination. 

A p r i l ,  1963. 
JOHNSON, &IATpHEY & CO., LIMITED 

C h e m i c a l  Div is ion  
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JOHNSC: MATTHEY & CO., LIMJTED 
73/83, HAITON &ARDEN, ! ~NDON, E.C.I. 

T E L E P H O N E :  no  9 8 9  

........... .- .... .....&..."... ........ .....- _.... 
. . . .  

27057 U 7 70 
LABORATORY No ................................... C&TALCLUE . .o ................................... 

GEE&& In any reference to this materiol both the above numbers should be quoted. 

T h i s  a t e r i a l  is su;iplid i n  thc f o x  of rods 8 x, d i c c t c r  
and 10 c-1. long, 

SP:; C T R O G W  HIC ELAPJ3".TION 

A spcctrographic e::aiinaticln vas lade by i-caxs of a constant 
c u m n t  D.C. arc  t a k i n g  5.6 a p 3 . ,  betwem pure graphite e l c c t r d e s .  
%ighed quant i t ies  of  tho saxple were arccd i n  thin-vrallcd a n d c  cups 
against a horizontal a c h i n e d  clictroiie as the  cothodc, both clcctmcks 
being watcr-coolcd, 

Tne spcctra  wcrc photographed on an Ilforc? Loiky &e S p c c t w  

b t i a t e s  o f  thc quantit ies of i ; lpurit ics prcscnt IJCTG Lai,e by 

p l a t€  witn a f la t - f ie ld  X e C i i L  Spectxbmph. 

v i sua l  coiparison of the spc-ctrq v i t h  thosc of synthetic stan&rds arced - _ _  - - - in a 2 : ~ ~ ~ ~ i a r ' t ~ ~ ~ ~ - t r s c b . , i n  t h  t e s t ,  - c  ' 

E l  e;x nt 
E s t L a t e  of Quantity Present 

p a t s  per  l i i l l ion  

Lead 1 

each e l e x n t  1css than 1 
C o p p r  
Ikgnca iu;; 
Si lver  ) 

The following clc.lcnts verc opccif ical lg  Bou,ht but not dctectcd 
i.e. e i the r  t h i y  BE not prc3cnt o r  they arc  belov the l i d t o  of detect ion 
b3' the describcd e:xdnat ion procc:Clurc . 
Al, A s ,  ku. B, B,, Be, B i ,  Ca, Co, C r ,  cs, Pc, Ga, Gc, Hf, k, In, Ir, K, Lip 
141, 110, IJa, iXb, N i ,  Os, P, Pd, Pt, Rb, RE, Ei, Ru, Sb, Sc, S i ,  &I, Sr,  Ta, Te, 
T i ,  T1, V ,  11, Zn, Zr. 

During f abricatioii 3 0 ~ c  surface contq:;ination is unw '  : ' ~b lc  and f o r  
t l r is  rcmon ill salples  uocd durinc t'his spcctrbgraphic aml.ysis have been 
picklcd i n  clilutc n i t r i c  acid befor6 e x a h a t i o n .  . 

February 1962. 
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